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EXECUTIVE SUMMARY

PROJECT TITLE: Central Big Sioux River Watershed Assessment

START DATE: May 01, 1999 COMPLETION DATE: 09/30/04
FUNDING: TOTAL BUDGET: $623,634 (projected)
TOTAL EPA GRANT: $371,620

TOTAL EXPENDITURES OF EPA FUNDS: $361,265.79 (through 12/31/04)
TOTAL SECTION 319 MATCH ACCRUED: $286,755.12 (through 12/31/04)
BUDGET REVISIONS: None

TOTAL EXPENDITURES: $648,020.91 (through 12/31/04)

SUMMARY ACCOMPLISHMENTS

The Central Big Sioux River watershed assessment project began in April of 1999 and
lasted through December of 2003 when data analysis and compilation into a final report
was completed. The assessment was conducted as a result of being placed on the 1998
303(d) list for fecal coliform bacteria, and total suspended solids (TSS) problems. The
project met all of its milestones in a timely manner, with the exception of completing the
final report. This was delayed while completion of an additional watershed (North
Central Big Sioux River Watershed Assessment, South Dakota), that was funded under
the same grant, was completed.

An EPA section 319 grant provided a majority of the funding for this project. The
Department of Environment and Natural Resources and East Dakota Water Development
District provided matching funds for the project.

Water quality monitoring and watershed modeling resulted in the identification of several
sources of impairment. These sources may be addressed through best management
practices (BMPs) and the construction of several waste management systems at animal
feeding operations.

The long term goal for this project was to locate and document sources of non-point
source pollution in the Big Sioux River (BSR) watershed and provide feasible restoration
alternatives to improve water quality problems within the watershed. Through
identification of sources of impairment in the watershed, this goal was accomplished.

In addition, SD DENR and EDWDD have initiated contact with MPCA concerning
pollution reduction efforts for those tributaries, targeted for TMDLs in South Dakota,
which drain Minnesota land.
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INTRODUCTION

PURPOSE

The purpose of this assessment is to determine the sources of impairment and develop restoration
alternatives for the central portion of the Big Sioux River (BSR) (between the communities of
Volga and Sioux Falls) and major tributaries in Brookings, Lake, Moody and Minnehaha counties
of South Dakota.

Direct runoffs to the river, as well as permanent and intermittent tributaries, contribute loadings
of sediment, nutrients, and fecal coliform bacteria primarily related to seasonal snow melt or
rainfall events. In the 2006 and previous Waterbody Lists and 305(b) Assessments, (SDDENR
2006), the central portion of the Big Sioux River, as targeted in this project, has various segments
listed as only partially supporting or not supporting the designated uses (see Table 1). Total
suspended solids (TSS) are the primary problem in the northern portion of this segment, between
the communities of Brookings and Dell Rapids. From Dell Rapids to Brandon, and including the
City of Sioux Falls, excessive fecal coliform bacteria and total suspended solids are the major
problems. Table 2 shows those locations and their assessment unit IDs that have been identified
as not meeting their water quality criteria (SDDENR 2006). Through water quality monitoring
(chemical and biological), stream gaging, and land use analysis, sources of impairment can be
determined and feasible alternatives for restoration efforts can be developed.

The 2006 South Dakota 303(d) Waterbody List identifies this portion of the river as a priority for
the development of Total Maximum Daily Loads (TMDL's) of the pollutants of concern. This
final TMDL assessment report will serve as the foundation for restoration projects that can be
developed and implemented to meet the designated uses and water quality standards of the central
BSR and its tributaries. This project is intended to be the initial phase of a series of watershed-
wide restoration implementation projects.

Table 1. Beneficial Uses and the WQ Standards

Designated Beneficial Use Numeric Standard for Numeric Standard for
Fecal Coliform bacteria Total Suspended Solids
*

Domestic Water Supply *

Warmwater Permanent Fish Life Propagation * < 90'/158°
Warmwater Semi-Permanent Fish Life * < 90'/158?
Propagation

Warmwater Marginal Fish Life Propagation * < 150'/263

200 mean sample *

<
< 400 single sample
< 1000 mean sample
< 2000 single sample
*

Immersion Recreation
Limited Contact Recreation

Wildlife Propagation and Stock Watering

1. 30-day average 2. Daily maximum
* no fecal coliform and/or TSS standards established for this designated beneficial use




Table 2. 2006 303(d) Listing of Locations and Assessment Unit IDs Not Meeting Water Quality Criteria

Segment Assessment Unit ID Coinciding Basis Cause Source
EDWDD Sites
Brookings to 1-29 SD-BS-R-Big_Sioux_06 T01-T09 DENR460702 Suspended Solids ~ Crop Production, Non-Irrigated Crop
T10 Production, Grazing in Riparian Zones,
RO1-R04 Managed Pasture Grazing, and Livestock
I-29 to Near Dell Rapids SD-BS-R-Big_Sioux_07 R04-R08 DENR46BS18 Suspended Solids ~ Crop Production and Livestock
T11-T14
Near Dell Rapids to Below Baltic ~ SD-BS-R-Big Sioux 08 R0O8 DENR460703 Pathogens Livestock
Below Baltic to Skunk Creek SD-BS-R-Big_Sioux_09 R08-R10 DENR46BS23 Pathogens Livestock
T15-T23
Skunk Creek to Diversion Return  SD-BS-R-Big_Sioux_010 R10 DENR460664 Pathogens Residential Districts
R11
Diversion Return to SF WWTF SD-BS-R-Big_Sioux_011 R11 DENR46BS29 Pathogens Municipal (Urbanized Area), Streambank
T25 Suspended Solids ~ Modifications/Destabilization, and

Hydrostructure Flow Modification




GENERAL WATERSHED DESCRIPTION

The central BSR watershed is approximately 1,282,560 acres (519,255 hectares) in size and lies within
the Big Sioux Basin (Figure 1). The BSR is a permanent, natural river that flows north to south along the
eastern edge of South Dakota and drains into the Missouri River at Sioux City, lowa. There are also
numerous intermittent tributaries, which only carry water during spring snowmelt or rainfall events. The
segment of the central BSR watershed for this project extends from the BSR confluence with North Deer
Creeks (near Volga) south to County Road 38 south east of Sioux Falls. Within the study area, the Big
Sioux River rarely becomes intermittent; however, wet-dry cycles have prominent effects on annual
discharge. Tributaries often become intermittent during dry phases.

The river and tributaries drain much of Brookings, Lake, Moody, and Minnehaha Counties, as well as a
portion of southwestern Minnesota. The river also receives storm sewer discharges or otherwise enhanced
runoff from several communities along its course, including the cities of Brookings, Flandreau, Dell
Rapids, Sioux Falls, and Brandon. The City of Sioux Falls utilizes the BSR as the source for
approximately fifty percent of their drinking water. The river and tributaries also recharge shallow
aquifers found adjacent to these water bodies. These shallow aquifers are the principle source of drinking
water for the residents of the region. Several sections of the BSR have been channelized (straightened
and/or artificially stabilized) and there are numerous road crossings of the river and tributaries.
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Figure 1. The Big Sioux Basin Boundary and Location of the CBSRW



Geology and Soils

Based on the relative age of the landscape, the surficial character of the watershed can be divided into two
parts. Along the valley of the BSR and the eastern tributaries, drainage is well developed and un-drained
depressions are rare. To the west of the river, drainage is poor, and there are many potholes, sloughs, and
lakes. The relief in the area is moderate. Land elevation ranges from nearly 2,000 feet above mean sea
level in the northeastern part of the study area to about 1,265 feet in the southern edge of the project area.

The bedrock in the basin is the Precambrian Sioux Quartzite which is exposed in the river valley at Sioux
Falls and several other places in the central part of the basin. Cretaceous period formations which overlie
the quartzite include Dakota Sandstone, Granerous Shale, Greenhorn Limestone, Carlile Shale, Niobrara
Chalk, and Pierre Shale.

The Cretaceous formations are covered by glacial drift which is physically divided into till, outwash, and
glacial lake deposits. The glacial till is the predominant drift and it consists of a heterogeneous mixture of
silt, sand, and large rock fragments in a matrix of clay. The outwash is commonly found in the valleys
and plains of the basin and consists of gravel, sand, and silt. It ranges in thickness from a few feet to
almost 200 feet. Glacial lake sediments occur in small depressions in the till areas. They are usually clay
and silt and vary from 4 to 10 feet in thickness.

Recent alluvial deposits of clay, silt, and sand with some gravel occur along both sides of the BSR and its
tributaries and are usually 3 to 15 feet in thickness.

Soils within the watershed area are derived from a variety of parent materials. Upland soils are relatively
fine-grained, and have developed over glacial till or eolian (loess) deposits. Coarse-grained soils are
found along present or former water courses, and are derived from glacial outwash or alluvial sediments.
A significant shift to highly erodeable soils occurs near the area of Dell Rapids.

Climate

The average annual precipitation in the central BSR watershed is 23.2 inches, of which 76 percent
typically falls during the growing season of April through September (See Figures 2 and 3). Tornadoes
and severe thunderstorms strike occasionally. These storms are often of only local extent and duration,
and occasionally produce heavy rainfall events. The average seasonal snowfall is 36.5 inches per year
(SDSU 2003).
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Figure 2. South Dakota Precipitation Normals in Inches from 1971 to 2000
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Figure 3. South Dakota Growing Season Precipitation in Inches from
1971 to 2000

Land Use

Land use in the watershed is predominantly agricultural (Figure 4). Approximately 63 percent of the arca
is cropland, such as corn and soybeans, and 32 percent is grassland and pastureland. Numerous animal
feeding operations are located in the watershed, of which 827 were visited and evaluated. More than
153,000 animals were documented. Of this number, 77 percent were cattle, 11 percent each for pigs and
sheep, and the remaining one percent of the livestock included chickens, horses, and buffalo. Significant
urban development and growth has taken place in and around the communities of Brookings, Flandreau,
Dell Rapids, Sioux Falls and Brandon.

CBSR Watershed Land Use

Artificial 2%

Cropland
Grass 32%

63%

Figure 4. Landuse in the CBSRW

Population

A majority of the population in the Central Big Sioux River study area lives within Minnehaha County.
The largest city in the state of South Dakota, Sioux Falls, lies within this county. Other towns in
Minnehaha County include Dell Rapids, Garretson, Colton, Hartford, and Brandon. Brookings County



has the next largest population in the study area, which includes the towns of Brookings, Elkton, and
Aurora. Other towns in the study area include Chester in Lake County and in Moody County, the towns
of Flandreau, Colman, Egan, and Trent. Table 3 shows the land area of each county, the people per
square mile, and the population based on the 2000 Census.

Table 3. Land Area and Population of Brookings, Lake, Moody, and Minnehaha

Counties
Brookings Lake Moody Minnehaha  South Dakota
Land Area (sq. mi) 794 563 520 810 75,885
People (sq. mi) 35.5 20 12.7 183.1 9.9
Population (2000) 28220 11276 6595 148281 754,844

History

The Big Sioux River, like most rivers across the Midwest, has a watershed that has been converted from a
range of tallgrass prairie and deciduous hardwoods to a matrix of intensive agricultural uses with areas of
urban/residential sprawl. This conversion has resulted in large-scale alterations to watershed level
processes. Primarily, the alteration has been an increase in overland flow of energy and material
resources resulting from a decrease in ground-water infiltration/subsurface recharge. An increase in
surface runoff has been associated with increases in the non-point source transport of sediment, nutrient,
agricultural and residential chemicals, and feedlot runoff.

In the central Big Sioux River watershed, evidence has shown that increases in surface water runoff
(mean annual discharge near Dell Rapids) have occurred as a likely response to agricultural land uses.
This increase in runoff or altered hydrology may be partially responsible for high levels of total
suspended solids and may be associated with other impairments to the central Big Sioux River watershed
caused by non-point sources of pollution.

PROJECT DESCRIPTION

The boundaries of the central Big Sioux River watershed in eastern South Dakota study area were defined
by the boundaries of tributaries that enter the Big Sioux River between highway 14 near Volga and
Brookings, to highway 38 east of Sioux Falls. This 1,282,560 acre area lies within two ecoregions (Level
IIT): Northern Glaciated Plains (NGP) and Western Corn Belt Plains (WCBP). Within the NGP, two of
15 level IV ecoregions are represented in the assessment area: Big Sioux Basin and Prairie Coteau.
Within the WCBP, one of two level IV ecoregions is represented in the assessment area: Loess Prairies
(Figure 5). Descriptions of the three Level IV ecoregions are provided in Table 4. Monitoring sites were
dispersed among 33 tributary locations and 13 river locations throughout the study area (Figure 6). See
Appendix A for monitoring site details.
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Table 4. Description of Level 1V Ecoregions Within the Central Big Sioux River Watershed (Omernik et al. 1987)

Land Use and Land
Ecoregion Physiography Potential Natural Vegetation Cover Climate Soil Order
Northern Glaciated Plains
Prairie Coteau Surficial geology of Big bluestem, little bluestem, Rolling portions of Mean annual Mollisols
glacial till. Hummocky, switchgrass, indiangrass, and landscape primarily in rainfall of 20-22
rolling landscape with blue gramma. pastureland. Flatter inches. Frost-free
high concentration of portions of landscape in from 110-140
lakes and wetlands and row crop, primarily of free days.
poorly defined stream corn and soybeans. Some
network. small grain and alfalfa.
Big Sioux Basin | Surficial geology of Tallgrass prairie: Big bluestem, | Row crop agriculture of | Mean annual Mollisols
glacial till. Rolling little bluestem, switchgrass, mostly corn and soybean. | rainfall of 20-22
landscape with defined indiangrass, sideoats gramma, Some small grain and inches. Frost-free
stream network and few and lead plant. Riparian areas: | alfalfa. from 110-140
wetlands. willows and cordgrass to the free days.
north and some woodland
south.
Western Corn Belt Plains
Loess Prairies Loess deposits. Within Tallgrass prairie: Big bluestem, | Intensive row crop Mean annual Mollisols

the assessment
boundaries, Gently rolling
landscape in the northern
parts giving way to a
well-defined stream
network in the southern
part.

little bluestem, green
needlegrass. On steeper slopes
of southern area:
needleandthread and prairie
dropseed, and some deciduous
trees.

agriculture. Some urban
development especially in
Sioux Falls area.

rainfall of 23-25
inches. Frost-
free from 135-
165 days.




Figure 6. Location of Monitoring Sites
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BENEFICIAL USES

The State of South Dakota has assigned all of the water bodies that are situated within its borders a set of
beneficial uses. Beneficial use means the purpose or benefit to be derived from a water body. Under
state and federal law, the beneficial use of water is to be protected from degradation. Two of the eleven
beneficial uses, (9) fish and wildlife propagation, recreation and stock watering, and (10) irrigation, are
assigned to all streams in the state. A set of standards is applied to the BSR and major tributaries that
flow into the river. These standards must be met to maintain the beneficial uses for a particular water
body. According to the 2006 Integrated Report for Surface Water Quality Assessment, several designated
beneficial uses of the central Big Sioux River are impaired by total suspended solids (TSS) and fecal
coliform bacteria, which have been found during the surface water quality monitoring program, to
regularly exceed standards. Probable source categories identified in the report are non-irrigated cropland,
pastureland, and animal holding/management areas. Most of the Big Sioux River is classified as “non-
support” of aquatic life beneficial uses. In addition, Pipestone Creek and Skunk Creek, which are
tributaries to the central Big Sioux River, were identified in the past as having excessive TSS and
siltation. The 2006 IR 303(d) waterbody list included the Big Sioux River near Brookings, Dell Rapids,
and Sioux Falls. Designated beneficial uses to the central Big Sioux River near these cities and numeric
water quality standards not to be exceeded for these uses are listed in Table 5.

All river sites are assigned beneficial uses one, five, eight, nine, and ten. River sites R0O8 through R13
were also assigned beneficial use seven. None of the tributaries were assigned beneficial use one, but all
varied in their assigned beneficial uses (refer to Table 6). See Table 5 for numeric criteria assigned to the
beneficial uses.
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Table 5. Numeric Criteria Assigned to Beneficial Uses of Surface Waters for the Central Big Sioux River and Tributaries

1 5 6 7 8 9 10
Parameters Domestic Warmwater Warmwater Immersion Limited Fish & wildlife Irrigation
(mg/L) except water semipermanent marginal recreation contact propagation,
where noted supply fish life fish life recreation recreation &
propagation propagation stock watering

Fecal Coliform < 200 (mean)| < 1,000 (mean)
(per 100 mL) < 400 (single| < 2,000 (single
May 1 - Sept. 30 sample) sample)
Specific Conductivity < 4,000'/7,000° | < 2,500'/ 4,375°
(umhos/cm @ 25° C)
Nitrogen, unionized < 0.04'/1.75x the | < 0.05'/ 1.75x the
ammonia as N criterion criterion
INitrogen, Nitrates < 10.0 < 50'/ 88°
as N
Dissolved oxygen > 50 > 4.0 > 5.0 > 5.0
IpH (standard units) >65-9.0 >65-<90 >60-<90 >60-<95
Suspended solids < 90'/ 158’ < 150"/ 263°
Total dissolved solids < 1,000'/ 1,750 < 2,500'/ 4,375’
Temperature (°F) <90 < 90

Note: ' 30-day average

? daily maximum
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Table 6. Monitoring Sites and Their Beneficial Use Classification

Beneficial Use Classification
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RECREATIONAL USE

State, county, and local parks are located throughout the central region of the Big Sioux Basin. The Big
Sioux State Recreation Area on the western edge of Brandon, provides camping, canoeing, and hiking.
Other parks near Sioux Falls include Aspen and McHardy Parks. Table 7 lists the public recreational
areas located in the study area.

Table 7. Public Recreation Areas Within the CBSRW Study Area

County City Public Recreational Areas
Brookings Brookings McCrory Gardens

City Park-Hillcrest, Pioneer, and Sexauer
Lake Chester Brant Lake Access Area
Minnehaha Brandon Big Sioux Recreation Area

City Parks-Aspen and McHardy

Colton Colton City Park

Dell Rapids City Parks-Brown Memorial, Dell Rapids, and
Dells of the Sioux

Garretson Palisades State Park
Beaver Creek Nature Area

Hartford Hartford City Park

Sioux Falls City Parks-Cherry Rock, Dunham, Elmwood,

Falls, Fawick, Frank Olson, Great Bear,
Kenny Anderson, Kuehn, Laurel Oak, Lewis,
Lion's Centennial, McKennan, Morningside,
Pioneer, Riverdale, Rotary, Sertoma,
Spellerberg, Spencer, Terrace, Tomar, Tuthill,
and Yankton Trail

Outdoor Campus/Sertoma Butterfly House

THREATENED AND ENDANGERED SPECIES

Information from South Dakota Game, Fish and Parks, USGS, and the USFWS were used to construct the
following table (Table 8) of the threatened and endangered species that may be found within the CBSR
watershed study area. Specie status, within the study area is identified as endangered, threatened, rare, or
candidate. The county in which each may be found is given, along with the occurrence of each. The
Trout Perch (Percopis omiscomaycus) and the Topeka Shiner (Notropis topeka) were found in tributaries
located in Brookings and Minnehaha counties, with numbers ranging from one to 311. The Whooping
Crane, the American Burying Beetle, the Dakota Skipper, the Western Prairie Fringed Orchid, the
Blanding’s Turtle, the Lined Snake, and the Black-Footed Ferret are listed by the USFWS as species that
have historically been found to occur in the CBSRW and could possibly still be in the area. The Bald
Eagle, Central Mudminnow, Northern Redbelly Dace, Regal Fritillary, and the Spiny Softshell Turtle are
listed as species that are commonly found within the area. However, none of these species were
encountered during the study.
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Table 8. Endangered, Threatened, and Candidate Species of the CBSRW Area

STATUS
NAME SCIENTIFIC NAME CATEGORY FEDERAL STATE COUNTY OCCURRENCE
Whooping Crane Grus americana Bird FE SE Brookings Rare
Bald Eagle Haliaeetus leucocephalus Bird FT SE Brookings, Lake, Common
Moody, Minnehaha
Topeka Shiner Notropis topeka Fish FE Brookings, Lake, Common
Moody, Minnehaha
Central Mudminnow Umbra limi Fish SE Brookings Common
Trout Perch Percopsis omiscomaycus Fish ST Moody, Minnehaha Common
Northern Redbelly Dace Phoxinus eos Fish ST Brookings Common
American Burying Beetle Nicrophorus americanus Insect FE Brookings Rare
Dakota Skipper Hesperia dacotae Insect FC SR Brookings, Moody Rare
Regal Fritillary Speyeria idalia Insect FC Brookings, Lake, Common
Moody, Minnehaha
Western Prairie Fringed Platanthera praeclara Plant FT Brookings, Moody, Rare
Orchid Minnehaha
Blanding's Turtle Emydoidea blandingii Reptile SE Minnehaha Rare
Spiny Softshell Turtle Apalone spinifera Reptile ST Minnehaha Common
Northern Redbelly Snake Storeria occipitomaculata Reptile ST Brookings, Minnehaha Common
occipitomaculata
Lined Snake Tropidoclonion lineatum Reptile SE Minnehaha Rare
Black-Footed Ferret Mustela nigripes Mammal FE SE Lake Rare

KEY TO CODES:

FE = Federal Endangered
FT = Federal Threatened
FC = Federal Candidate

SE = State Endangered
ST = State Threatened
SR = State Rare
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PROJECT GOALS, OBJECTIVES, AND MILESTONES

GOALS

The goals of this assessment project are to:

1) Determine and document sources of impairments to the central portion of the BSR watershed in
eastern South Dakota

2) Identify feasible restoration alternatives to support watershed implementation projects to improve
water quality impairments within the watershed

3) Develop TMDL based on identified pollutants

Impairments cited in the 1998, 2000, and 2004 305(b) Water Quality Assessment Report and the 1998,
2002 and 2004 South Dakota 303(d) Waterbody List for this portion of the BSR watershed are excessive
pathogens (fecal coliform bacteria) and suspended solids.

Goals were accomplished through the collection of tributary and river data and aided by the completion of
the FLUX, Sediment Delivery Model (SDM) and the Agricultural Non-Point Source (AGNPS) watershed
modeling tools. Through data analysis and modeling, the identification of impairment sources was
possible. The identification of these impairment sources will aid the state’s nonpoint source (NPS)
program by allowing strategic targeting of funds to portions of the watershed that will provide the greatest
benefit per expenditure.

OBJECTIVES
Objective 1. Water Quality Assessment

Water sampling of river and tributary sites began in July 1999. However, this was accomplished in two
phases. The first phase included 7 river sites and 14 tributary sites sampled from July 1999 through
October 1999 and then again from March 2000 thorough October 2000. The second phase included 6
river sites and 19 tributary sites. Data was collected from June 2000 through October 2000 and again
from April 2001 through October 2001 (See Table 9).

Detailed level and flow data were entered into a database that was used to assess the nutrient and solids
loadings. Stevens Type F Stage Recorders, Solinst Leveloggers, as well as Thalmedies Hydrometers or
OTTs were installed at the pre-selected monitoring sites along the tributaries.

Objective 2. Quality Assurance/ Quality Control (QA/QC)

Duplicate and blank samples consisted of ten percent of all samples and were collected during the course
of the project to provide defendable proof that sample data were collected in a scientific and reproducible
manner. QA/QC data collection began in July of 1999 and was completed on schedule in October of
2001 (See Table 9).

Objective 3. Watershed Modeling

Four models were incorporated into this project to analyze and predict loadings. The FLUX model was
used to calculate loadings and concentrations in monthly, yearly, and daily increments. Reductions for
TSS were acquired with the help of the FLUX model. The Sediment Delivery Model (SDM) was used to
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predict sediment loads based on rainfall events. This model was also used to determine potential
sediment loading reductions with the implementation of BMPs. AGNPS was used to model feedlot
runoff loads and to help pinpoint areas of concern. Load duration intervals and hydrologic conditions
were used to calculate fecal coliform loads and predict reductions to meet water quality standards (See
Table 9).

Objective 4. Information and Outreach

Several field trips were organized where knowledge about the project was provided as well as
demonstrations about field operations. Assessments of the conditions of animal feeding operations
located within the project area were conducted by contacting landowners individually. Press releases
were also provided to local papers at various points throughout the project (See Table 9).

Objective 5. Reporting/TMDL Determination

When a waterbody is listed on a state’s 303(d) list, TMDL’s must be developed for that waterbody at
levels that meet water quality standards that support the designated beneficial uses, shown previously on
page 11. A TMDL is a tool or target value that is based on the linkages between water quality conditions
and point and non-points sources of pollution. Based upon these linkages, maximum allowable levels of
pollution are allocated to the different sources of pollution so that water quality standards are attainable.
Sources that exceed maximum allowable levels (or loadings), as shown on Table 5, must be addressed in
an implementation plan that calls for management actions that reduce loadings (1998 and 2002 SD 303(d)
Waterbody List). Furthermore, an implementation plan can call for protection of areas that are below
allowable levels. Identifying the causes and sources of water quality impairments is a continuation of the
process that placed the waterbody on the 303(d) list. In the case of the central Big Sioux River, high
levels of TSS and fecal coliform bacteria and the probable non-point sources identified in the 305(b)
water quality assessment, guided the strategy for this assessment.

16



MILESTONES

The Central Big Sioux River Watershed Assessment Project was scheduled to start in April 1999; however, actual monitoring was delayed until
July of 1999 due to the fact that monitoring equipment needed to be purchased and addition staff were hired. The following table shows the
proposed completion dates versus the actual completion dates of the project goals, objectives, and activities.

Table 9. Milestones - Proposed and Actual Objective Completion Dates

| 1999 | 2000 | 2001 | 2002 2003 2004
AIM]JIT]LIJ]IA]lS]JOIN]|DJIJ]JEFEIM|A|IM]I]IT]JA]lS|O|IN]|DJIJ]JFIM|A|IM]IT]IT]JA]lS]|]O F M|JT|JT]JA]S|JOIN|DJ|IJT]JFIMJA|IM|IJ]|JT]JA]S]JO|IN|D|IJ]|F|M
Objective 1
Water Quality
Assessment
[ [ | | | [N N O O B
Objective 2
e [ | | 1 [ | | | m
[N N N O O B
Objective 3
Watershed
Modeling
[ | 1 ] [ |
Objective 4
Information
and Outreach
||
Objective 5
Reporting/TM
DL

Proposed Completion Dates -

Actual completion Dates -
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METHODS
ENVIRONMENTAL INDICATORS

Water Quality Monitoring

Water samples were collected from 13 river sites and 33 tributary sites. The samples were scheduled for
collection to coincide with spring runoff and storm events, and at base flow conditions. A total of 834
samples were collected over a two and a half year period from July 1999 through October 2001. This
included 678 standard samples, 73 blank samples, and 83 duplicate samples.

Field measurements included dissolved oxygen, pH, turbidity, air temperature, water temperature,
conductivity, salinity, stage, and general climatic information. A Hanna Instruments 9025 meter was used
to measure pH. Salinity, DO, water temperature, and conductivity were measured using a YSI 85 meter.
Turbidity was measured using a LaMotte 2020 turbidity meter and a mercury thermometer was used to
measure air temperature.

The Water Resource Institute (WRI) at South Dakota State University (SDSU), performed analysis on all
samples for total solids, total suspended solids (TSS), ammonia, nitrate-N, total Kjeldahl nitrogen,
organic nitrogen, total phosphorus, and total dissolved phosphorous. The Sioux Falls Health Laboratory
analyzed all samples for fecal coliform bacteria. Appendix B contains all grab sample data for each
monitoring site.

Six of the sampling sites were also monitored by the state of South Dakota as part of the DENR Ambient
Surface Water Quality Monitoring program. The TSS, ammonia, and fecal coliform data was
incorporated into our reduction prediction database and analyzed in conjunction with our data.

Historical flow data monitored by the USGS was also utilized in our analysis. The following table (Table
10) depicts the USGS and DENR sites that coincided with EDWDD monitoring sites.

Table 10. Project Sites Coinciding with DENR and
USGS Monitoring Locations

EDWDD Site DENR Site USGS Site

RO1 WQM 62

RO3 WQM 2

RO4 6480000
RO5 BS 18

RO8 WQM 3 6481000
RO9 BS 23

R10 6482000
R11* BS 29 (1 mi DS) 6482020
R12** WQM 31 6482100
TO4 6479910
TO9 6479980
T11 6480400
T12 6480650
T18 6481480
T23 WQM 121 6481500
T31 6482610

* for TMDL purposes includes WQ data from WQM 64 (near John
Morell) located just upstream from monitoring site

** for TMDL purposes includes WQ data from WQM 117 (near SF
WWTF) located just upstream from monitoring site
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Description of Parameters

Water quality was sampled according to the SD DENR protocols (Stueven et al. 2000). Water quality
analyses provided concentrations for a standard suite of parameters (Table 11). The detection limits are
set by the WRI lab based on lab equipment sensitivity.

Table 11. Water Quality Parameters Analyzed and Laboratory Detect Limits

Parameter Units Lower Detect Limit
Total suspended solids mg/L 1

Total solids mg/L 1
Nitrates mg/L 0.01
Ammonia-nitrogen mg/L 0.01
Organic nitrogen mg/L 0.01
TKN mg/L 0.01
Total phosphorus mg/L 0.01
Total dissolved phosphorus mg/L 0.01
Fecal Coliform* cfu/100 mL <1, <10, <100

* tested by Sioux Falls Health Lab

Fecal Coliform Bacteria

Fecal coliform are bacteria that are found in the environment and are used as indicators of possible
sewage contamination because they are commonly found in human and animal feces. They indicate the
possible presence of pathogenic bacteria, viruses, and protozoans that also live in human and animal
digestive systems. These bacteria can enter the river and tributaries by runoff from feedlots, pastures,
sewage treatment plants, and seepage from septic tanks. Major sources in the Central BSR drainage are
most likely livestock and possibly human sewage.

Total Solids

Total Solids are materials, suspended or dissolved, present in natural water. Sources of total solids
include industrial discharges, sewage, fertilizers, road runoff, and soil erosion.

Total Suspended Solids

TSS is the portion of total solids that are suspended in solution, whereas dissolved solids make up the rest
of the total. Suspended solids include silt and clay particles, plankton, algae, fine organic debris, and
other particulate matter. Higher TSS can increase surface water temperature and decrease water clarity.
Suspended solids are the materials that do not pass through a filter, e.g. sediment and algae. Subtracting
suspended solids from total solids derives total dissolved solids concentrations. Suspended volatile solids
are that portion of suspended solids that are organic (organic matter that burns in a 500° C muffle furnace).

Ammonia
Ammonia is the nitrogen product of bacterial decomposition of organic matter and is the form of nitrogen
most readily available to plants for uptake and growth. Sources of ammonia in the watershed may come

from animal feeding areas, decaying organic matter, bacterial conversion of other nitrogen compounds, or
industrial and municipal surface water discharges.
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Un-lonized Ammonia

Un-ionized ammonia is the fraction of ammonia that is toxic to aquatic organisms. The concentration of
un-ionized ammonia is calculated and dependent on temperature and pH. As temperature and pH increase
so does the percent of ammonia which is toxic to aquatic organisms. Since pH, temperature and ammonia
concentrations are constantly changing, un-ionized ammonia is calculated instantaneously (by sample) to
determine compliance with tributary water quality standards rather than from a loading basis.

Nitrate-Nitrite

Nitrate and nitrite are inorganic forms of nitrogen easily assimilated by algae and other macrophytes.
Sources of nitrate and nitrite can be from agricultural practices and direct input from septic tanks,
precipitation, groundwater, and from decaying organic matter. Nitrate-nitrite can also be converted from
ammonia through denitrification by bacteria. The process increases with increasing temperature and
decreasing pH.

Total Kjeldahl Nitrogen

Total Kjeldahl Nitrogen (TKN) is used to calculate organic nitrogen. TKN minus ammonia derives
organic nitrogen. Sources of organic nitrogen can include release from dead or decaying organic matter,
septic systems or agricultural waste. Organic nitrogen is broken down to more usable ammonia and other
forms of inorganic nitrogen by bacteria.

Total Nitrogen

Total nitrogen is the sum of nitrate-nitrite and TKN concentrations. Total nitrogen is used mostly in
determining the limiting nutrient, either nitrogen or phosphorus. Nitrogen was analyzed in four forms:
nitrate/ nitrite, ammonia, and Total Kjeldahl Nitrogen (TKN). From these four forms, total, organic, and
inorganic nitrogen may be calculated.  Nitrate and nitrite levels are usually caused from fertilizer
application runoff. High ammonia concentrations are directly related to sewage and fecal runoff.
Nitrogen is difficult to manage because it is highly soluble and very mobile in water.

Total Phosphorus

Phosphorus differs from nitrogen in that is not as water-soluble and will attach to fine sediments and other
substrates. Once attached, it is less available for uptake and utilization. Phosphorus can be natural from
geology and soil, from decaying organic matter, waste from septic tanks or agricultural runoff. Nutrients
such as phosphorus and nitrogen tend to accumulate during low flows because they are associated with
fine particles whose transport is dependent upon discharge (Allan 1995). These nutrients are also retained
and released on stream banks and floodplains within the watershed. Phosphorus will remain in the
sediments unless released by increased stage, discharge, or current.

Total Dissolved Phosphorus
Total dissolved phosphorus is the fraction of total phosphorus that is readily available for use by algae.
Dissolved phosphorus will attach to suspended materials if they are present in the water column and if

they are not already saturated with phosphorus. Dissolved phosphorus is readily available to algae for
uptake and growth.
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Dissolved Oxygen

Dissolved oxygen is important for the growth and reproduction of fish and other aquatic life. Solubility
of oxygen generally increases as temperature decreases, and decreases with lowing atmospheric pressure.
Stream morphology, turbulence, and flow can also have an affect on oxygen concentrations. Dissolved
oxygen concentrations are not uniform within or between stream reaches. A stream with running water
will contain more dissolved oxygen than still water. Cold water holds more oxygen than warm water.
Dissolved oxygen levels of at least 4-5 mg/L are needed to support a wide variety of aquatic life. Very
few species can exist at levels below 3 mg/L.

pH

pH is based on a scale from 0 to 14. On this scale, 0 is the most acidic value, 14 is the most alkaline
value, and 7 represents neutral. A change of 1 pH unit represents a 10-fold change in acidity or alkalinity.
The range of freshwater is 2-12. pH is a measure of hydrogen ion activity, the more free hydrogen ions
(more acidic), the lower the pH in water. Values outside the standard (pH 6.0 — 9.5) do not meet water
quality standards.

Water Temperature

Water temperature affects aquatic productivity and water chemistry, including the levels of DO and un-
ionized ammonia. Temperature extremes are especially important in determining productivity of aquatic
life from algae to fish.

Conductivity

Conductivity is the measurement of the conductive material in the sample without regard to temperature.
In streams and rivers, conductivity is affected primarily by the geology of the area through which the
water flows. Streams that run through areas with granite bedrock tend to have lower conductivity, and
areas with clay soils tend to have higher conductivity. Discharges into streams can also change the
conductivity. In general, a higher conductivity indicates that more material is dissolved material, which
may contain more contaminants.

Specific Conductivity

Also known as temperature compensated conductivity which automatically adjusts the reading to a
calculated value which would have been read if the sample had been at 25° C. The ability of water to
conduct an electrical current, which is the measure of the quantity of ions in the water. It is determined
by the presence of inorganic dissolved solids, such as salts. Specific conductivity is generally found to be
a good measure of the concentration of total dissolved solids (TDS) and salinity.

salinity

Salinity is the natural concentration of salts in water. This is influenced by the geologic formations
underlying the area. Salinity is lower in areas underlain by igneous formations and higher in areas
underlain by sedimentary formations.
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Turbidity (NTU)

Turbidity or water clarity is a measure of how much the passage of light is restricted by suspended
particles. Turbidity is measured in nephelometric turbidity units (NTUs). High NTU levels may increase
temperatures, lower dissolved oxygen levels, and reduce photosynthesis. High NTU can clog fish gills,
which lowers growth rate and resistance to disease; and it can smother fish eggs and macro invertebrates.
Sources of turbidity include soil erosion, waste discharge, urban runoff, eroding stream banks, and
excessive algae growth.

Sampling

Samples were collected between the spring of 1999 and the fall of 2001, during base flows and storm
events. Samples were collected using the State of South Dakota standard operating procedures for field
sampling. Water samples were then filtered, preserved, and packed in ice for delivery to the WRI at
SDSU in Brookings, SD and the Sioux Falls Health Laboratory in Sioux Falls, SD. The following
parameters (Table 12) were analyzed:

Table 12. Water Quality Parameters and Their Abbreviations

Parameter Abbreviation
Fecal Coliform Bacteria CFU

Total Solids TotSol

Total Suspended Solids TSS

Nitrate Nitrogen NO2NO3
Total Kjeldahl Nitrogen TKN

Organic Nitrogen OrgNtr
Ammonia NH3NH4
Total Phosphorous TotPO4

Total Dissolved Phosphorous TotDisPO4

Stream, climatic, and weather conditions were also recorded at the time of sampling. See Appendix C for
water quality field data sheets.

Flow and Discharge Gaging

A total of 33 tributary monitoring sites were selected along the Big Sioux River and continuous stream
flow records were collected using stage recorders. The sites were selected to determine which portions of
the watershed were contributing the greatest amount of nutrient and sediment load to the river. Ten of the
sites were equipped with Stevens Type F stage recorders, seven of the sites had Solinst model 3001
leveloggers, and the remaining sites had OTT Thalimedes hydrometers. Two sites used Solinst
leveloggers for the first season and three months of the second season. They were then replaced by
Thalimedes hydrometers for the remainder of the second season. See Appendix D for stage recorder start
and end dates. Water stages were monitored and recorded to the nearest 1/100™ of a foot for each of the
sites. A USGS top setting wading rod with either a type AA or pygmy current meter and a CMD 9000
digimeter were used to determine flows at various stages. In the much larger streams, a USGS Type A
crane with four-wheel truck was used to record flow data.

All sites were also installed with USGS Style C staff gauges as a quality control check for the installed
meters. Recorded stages and flows were used to create stage-discharge tables and curves for each site
(Gordon et al. 1992). USGS gaging station data was acquired for all the river sites. Streamflow records
for non-gauged river sites were derived using interpolation methods (Gordon et al. 1992). Stage to
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discharge tables and curves can be found in Appendix E. Equations used to find discharges for each
monitoring site can be found in Appendix F.

Load Duration Curves

Load duration curves were constructed for all the Big Sioux River monitoring sites to use as a tool for
differentiating pollutant problems over an entire flow regime and were used as visual aids during analysis.
These curves represent the percentage of time during which a load is equaled or exceeded.

Load duration curves are developed using an average daily, long-term record of stream flow. Several
mainstem BSR sites had been, or are currently, being monitored by the USGS (See Table 13). The USGS
data that was available and used to construct these curves is considered provisional data, subject to
revisions at any time. Daily average flows for ungaged mainstem sites were derived using the drainage-
area ratio method. This method is commonly used to find flow of an ungaged site that is in close
proximity a gaged site on the same stream. The drainage area of the ungaged site should be within 0.5
and 1.5 times the drainage area of the gaged site.

Table 13. Descriptions of Stream Gaging Stations Analyzed with the Drainage-Area Ratio Method

Ungaged
EDWDD USGS Site Period of Drainage DA/ Ecoredion
Site evaluated Record Area mi® Gaged DA 9
ratio
RO1 06480000 3190 1.22 NGP
R0O2 06480000 3406 1.14 NGP
RO3 06480000 3727 1.05 NGP
RO4 * 06480000 1953- 3898 NGP
present
RO5 06480000 4031 .97 NGP
RO6 06481000 4098 1.07 WCBP
RO7 06481000 4303 1.02 WCBP
RO8 * 06481000 1948- 4389 WCBP
present
R0O9 06481000 4424 .99 WCBP
R10 * 06482000  1943-1960 5022 WCBP
R11 * 06482020 1971- 5216 WCBP
present
R12 * 06482100  1959-1972 5269 WCBP
R13 06482100 5549 .95 WCBP

Sites should also be within the same ecoregion and have similar topography (FDEP 2003). The following
calculation was used:

To find flow per area of the gaged site:

gaged site flow + gaged site drainage area mi> = gaged site flow per area (mi°)
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To find the flow of the ungaged site:

gaged site flow per area x ungaged site drainage area mi* = ungaged site flow
Daily average flows over approximately a 20-year period of time were ranked from highest to lowest.
The percent of days each flow was exceeded was calculated by dividing each rank by the number of flow
data points.

rank + number of data points = percent of days the flow was exceeded

Next, a load needs to be calculated. This is done by multiplying each average daily flow by the water
quality standard for the parameter and multiplying by the conversion factor.

flow (cfs) x standard (mg/L) x conversion factor = load

The conversion factor for converting the mg/L to pounds per day for TSS is 5.396, as shown by the
following formula:

mg X 1L x  86400sec x ft'  x 11b = lbs/day
L .0353146667 ft° 1 day sec 453592.37 mg

The conversion factor for converting cfu/100mL to colonies per day for fecal coliform bacteria is
24,468,480 as shown by the following formula:

col x 28320mL x 86400sec x ft' = col/day
day 1t 1 day sec

The actual load duration curve is formed by plotting the load against the percent days flow exceeded
(NDEP 2003). A second load duration curve can be plotted to represent a 10 percent margin of safety
(MOS). To plot the grab sample data, a daily load for each sample is calculated. The streamflow for each
day is found and the value for percent of days that load exceeded from the previous data (See Figure 7).
The loads and percent days exceeded are plotted.
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Biological Monitoring

Rivers and streams in the Big Sioux River watershed did not have an established biological assessment
framework. This project adopted the multimetric approach to biological data analysis (Barbour et al.
1999). This approach involved two phases with the process and rationale outlined in Table 14.

Table 14. Process of Developing Biological Indicators for the CBSRW

Phase 1. Development of Biological Indicators

1. Stream Classification

2. Candidate Metric

Identification

3. Select Core Metrics

4. Index Development

5. Index Thresholds

Stream classifications group sites that share naturally similar
physical and chemical characteristics. Grouped sites are expected to
have similar biology under natural conditions and respond similarly
to human disturbances.

A list of candidate metrics (i.e., biological traits) that have the
potential to be responsive to stressors is developed. This list is
composed of metrics that are relevant to the region’s stream ecology
and represents aspects of community richness, composition,
tolerance, trophic structure, and individual health.

Metrics from the candidate list are selected based on their ability to
discriminate between least-impacted sites and most-impacted sites.
A set of core metrics is produced that represents aspects of
community richness, composition, tolerance, trophic structure, and
individual health.

An index is an aggregate of scores from selected core metrics.
However, prior to aggregation, metric values must be transformed to
standardized metric scores that are unitless because each metric may
have different units (e.g., integers, percentages). Once scores are
transformed and aggregated into an index, the ability of the index to
discriminate between least impaired and most impaired sites is
tested.

The range of site index scores reflects a range of biological

Established impairment (e.g., poor, fair, good). This range of biological
impairment is subdivided into classes based on thresholds that are
essentially index scores that define the upper and lower limits on
classes.

Phase Il. Indicator Use in Assessment and Monitoring

Assessment and Monitoring

With the above completed, the index is ready to use as a
tool for assessing and monitoring the health of streams.
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Fish Sampling

Fish were sampled in the tributaries with bag seines having 5 mm mesh size. Pools and runs were seined
in a downstream direction with a seine that reached from bank to bank. A block net having 8 mm mesh
was placed across the stream at the lower end of the reach to prevent fish from escaping. Riffles were
usually sampled by kicking through the substrate in a downstream direction toward a bag seine placed
across the stream at the bottom of the riffle. Collected fish were placed in holding crates. Fish were
identified to species, and a representative number of each species measured (25 to 50 individuals), with
external diseases, anomalies, fin damage, and parasites noted. Weighing 100 individuals and using their
average weight to divide into bulk weights of uncounted individuals, estimated the number of abundant
species. Collections were taken for voucher jars.

Fish Index of Biological Integrity (IBI)

The index of biological integrity for fish was constructed based upon the Rapid Bioassessment Protocol
IV (RBPIV) (Barbour et al. 1999), Karr’s (1981) fish community assessment, and Plafkin et al. (1989)
RBP protocol for macroinvertebrates and fishes. Candidate metrics (Table 15) representative of the
Midwest region were chosen to represent the categories of richness/composition, headwater/pioneering
attributes, tolerance/intolerance, trophic guilds, and reproduction. Core metrics were chosen in each
category through a process of comparative descriptive analysis. Appendix G describes metrics
recommended for use within the Midwest region. These metric descriptions in conjunction with the
descriptive analysis were used in the selection of the best possible core metrics. The basis of this
selection was the ability of each metric to discriminate between sites least impacted and sites most
impacted. Comparative descriptive analysis was accomplished using box and whisker plots, analyzing all
monitoring sites at the same time for metrics in each of the five categories (richness/composition,
headwater/pioneering attributes, tolerance, trophic guilds, and reproduction). Box plots that yielded a
good spread and differing means were chosen as core metrics in each category (See Table 16).
Coefficients of variation (CVs) also aided in the selection of the core metrics (See Appendix H).

Once the core metrics in Table 16 were chosen, best value percentiles were calculated. The 95
percentile was used as a basis for best value for those metrics that decreased with impairment. Those
metrics that increased with impairment were given a 5™ percentile as a basis for best value. Once either
the 95™ or 5" percentile standard was set for each metric, the actual measured metric value was compared
to the standard best value to find the standardized metric score. Standardized metric scores range from 0
to 100, with 0 being very poor and 100 being excellent.

Decrease in response to impairment:

(measured metric value) + (standard best value — 0) x 100 = standardized metric score

Increase in response to impairment:

(100 - measured metric value) + (100 - standard best value) x 100 = standardized metric score
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Table 15. Candidate Fish Metrics Calculated for the CBSRW

Category # Metric Response to
Disturbance
Species Richness and Composition 1 Total Species Richness Decrease
2 Native Species Richness Decrease
3 Native Minnow Species Richness Decrease
4 Water Column Species Richness Decrease
5 Benthic Species Richness Decrease
6 Benthic Insectivore Richness Decrease
Headwater/Pioneering Attributes 7 Headwater Species Richness Decrease
8 % Headwater Species Decrease
9 % Headwater Species Biomass Decrease
10 | % Pioneering Species Increase
11 | % Pioneering Species Biomass Increase
Intolerant/Tolerant Attributes 12 | Intolerant Species Richness Decrease
13 | % Intolerant Species Decrease
14 | % Intolerant Species Biomass Decrease
15 | Sensitive Species Richness Decrease
16 | % Sensitive Species Decrease
17 | % Sensitive Species Biomass Decrease
18 | % Green Sunfish Increase
19 | % Green Sunfish Biomass Increase
20 | % Tolerant Species Increase
21 | % Tolerant Species Biomass Increase
Trophic Guilds 22 | % Insectivorous Minnows Decrease
23 | % Insectivorous Minnows Biomass Decrease
24 | % Insectivores Decrease
25 | % Insectivore Biomass Decrease
26 | % Predators Increase
27 | % Predator Biomass Increase
28 | % Omnivores Increase
29 | % Omnivore Biomass Increase
30 | % Herbivores Decrease
31 | % Herbivore Biomass Decrease
Reproduction 31 | % Simple Lithophils Decrease
32 | % Simple Lithophil Biomass Decrease
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Table 16. Core Fish Metrics for the CBSRWA

Category # Metric Response to
Disturbance

Species Richness and Composition 1 Total Species Richness Decrease

2 Native Minnow Species Richness Decrease

3 Benthic Insectivore Richness Decrease
Headwater/Pioneering Attributes 4 Headwater Species Richness Decrease

5 % Pioneering Species Increase
Intolerant/Tolerant Attributes 6 Sensitive Species Richness Decrease

7 % Tolerant Species Biomass Increase
Trophic Guilds 8 % Insectivorous Minnows Decrease

9 % Omnivore Biomass Increase
Reproduction 10 | % Simple Lithophil Biomass Decrease

Table 17, below, is an example of a tributary score sheet that outlines the metrics and the score assigned
to each metric. After each of the twelve metrics was scored, the standardized metric scores were
averaged for each monitoring site and served as the final index value for that site. Score sheets for fishes
by monitoring site can be found in Appendix I.

Table 17. Sample Score Sheet for Fishes

Site T05

Response to Percentile for  Standard (best Measured metric Standardized
Metric Impairment "best"* value value) value Metric score
Species Richness Decrease 95th 20 14 70
Native Minnow Richness Decrease 95th 10 8 80
Benthic Insectivore Richness Decrease 95th 7 4 57
Headwater Species Richness Decrease 95th 3.5 2 57
% Pioneer Species Increase 5th 0.78 21.13 79
Sensitive Species Richness Decrease 95th 3.5 1 29
% Tolerant Species Biomass Increase 5th 14.85 55.26 53
% Insectivorous Minnows Decrease 95th 95.63 83.02 87
% Omnivore Biomass Increase 5th 0.24 1.79 98
% Simple Lithophil Biomass Decrease 95th 55 13.76 25

Final index value for this site: 64

Macroinvertebrate Sampling

Sampling of macroinvertebrates with kick seines, cone and flat rock baskets occurred in both the
tributaries and the river sites from late August to mid October of 1999, 2000, and 2001. A kick seine was
initially used at two sites in 1999. It was decided in 2000, the best method for sampling
macroinvertebrates would be with rock baskets, due to the rock substrate in each basket allowing for
colonization of macroinvertebrates yielding a better sample. Four baskets were placed at each site for a
period of 45 days + 3 days (See Table 18). Construction, deployment, and retrieval of rock baskets were
conducted according to the SD DENR protocols (Stueven et al. 2000). Sorting, identification, and
enumeration of macroinvertebrates occurred at the lowest practical taxonomic level (See Appendix J and
K for outsource contracts and their laboratory procedures). Three of the four baskets, at each site, were
chosen for collection and were composited into a voucher jar with the exception of six sites. Six sites
were chosen based on water chemistry and visual evaluations - three were considered least impacted
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while the other three were considered most impacted of the sites sampled in 2001. Voucher jars were
taken for each of the three rock baskets at each of the six sites. Candidate metrics (Table 19) were
calculated and reduced to a set of core metrics for scoring (Tables 20 and 21).

Table 18. Macroinvertebrate Collection Information

Site Deployment Retrieval  #Days
Code  Site Name Method Date Date Colonized
TOl  No Deer Ck (upper) Dry
T02  No Deer Ck (lower) Dry
T03  Six Mile Ck (upper) Isolated Pools -------=--=-------
T04  Six Mile Ck (middle) Cone 9/13/00 10/25/00 42
TOS5 Six Mile Ck (lower) ~ ——=—--——-——- Kick Seine - unknown date ------------
T06  Deer Creek  —emememmmemeee Kick Seine - 8/23/99 -------------
T07  Medary Ck (upper) Cone 9/1/00 10/13/00 43
TO8  Medary Ck (middle) Cone 9/1/00 10/13/00 43
T09  Medary Ck (lower) Cone 8/29/00 10/11/00 42
T10  Lake Campbell Outlet Flat 8/29/00 10/12/00 43
TI11 Spring Creek Cone 9/11/00 10/23/00 42
T12  Flandreau Creek Cone 8/29/00 10/12/00 43
T13  Jack Moore Creek Cone 9/11/00 10/23/00 42
T14  Bachelor Creek Cone 9/11/00 10/23/00 42
T15  North Buffalo Creek Flat 8/21/01 10/3/01 44
T16  Buffalo Creek DRY
T17  Brant Lake Outlet Flat 8/21/01 10/2/01 43
T18  Skunk Ck (upper) Flat 8/21/01 10/2/01 43
T19  Colton Creek Cone 8/21/01 10/2/01 43
T20 W. Branch Skunk Ck Cone 8/20/01 10/1/01 43
T21 Skunk Ck (middle) Cone 8/20/01 10/1/01 43
T22  Willow Creek Cone 8/20/01 10/1/01 43
T23  Skunk Creek (lower) Cone 8/20/01 10/1/01 43
T24  Silver Creek Flat 8/22/01 10/3/01 43
T25  Slip-up Creek Cone 9/11/00 10/25/00 44
T26 W Pipestone Ck (upper) Flat 8/22/01 10/5/01 45
T27 W Pipestone Ck (lower) Cone 8/22/01 10/5/01 45
T28  Pipestone Ck (upper) Cone 8/22/01 10/4/01 44
T29  Pipestone Ck (lower) Cone 8/22/01 10/4/01 44
T30 Split Rock Ck (upper) Cone 8/22/01 10/4/01 44
T31 Split Rock Ck (lower) Cone 8/22/01 10/4/01 44
T32  Beaver Ck (upper) Cone 8/21/01 10/2/01 43
T33  Beaver Ck (lower) Cone 8/21/01 10/2/01 43
RO1  BSR nr Brookings Cone 8/28/00 10/10/00 43
RO2  BSR at Sinai Road Cone 8/28/00 10/10/00 43
R0O3  BSR atHwy 77 Cone 8/28/00 10/11/00 43
R04  BSR at USGS Brookings Cone 8/28/00 10/11/00 43
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RO5 BSR nr Flandreau Cone 8/29/00 10/11/00 42

RO6  BSR at Egan Cone 8/29/00 10/11/00 42
RO7  BSR at Trent Cone 8/29/00 10/11/00 42
RO8  BSR @ USGS Dell Rapids ~ Cone 8/30/01 10/15/01 47
R09  BSR @ USGS HWY 38 Cone 8/30/01 10/17/01 425
R10  BSR @ Western Ave Cone 8/30/01 10/17/01 49
R11  BSR @ USGS N. Cliff Ave ~ Cone 8/30/01 10/15/01 47
R12  BSR @ Brandon Cone 8/30/01 10/16/01 48
R13  BSR @ Gitchie Manitou Cone 8/30/01 10/16/01 48

Macroinvertebrate Index of Biological Integrity (1BI)

The development of the macroinvertebrate index of biotic integrity (IBI) followed the process outlined in
Table 14. There were no established reference sites to base our information. Therefore, the following
steps were taken to develop an index score for each site. In addition, a set of core metrics was chosen for
the Big Sioux River sites and a separate table of core metrics was chosen for the tributary sites.

Candidate metrics (See Table 19) were chosen to represent the categories of abundance, richness,
composition, tolerance/intolerance, and feeding. The EPA Rapid Bioassessment Protocols for Use in
Streams and Rivers (Barbour et al. 1999) aided in developing these procedures. Core metrics (See Tables
20 and 21) were then chosen in each category through a process of comparative descriptive analysis. The
basis of this selection was the ability of each metric to discriminate between sites least impacted and sites
most impacted. Comparative descriptive analysis was done using box and whisker plots, analyzing all
data from all the monitoring sites at the same time for each of the five categories (abundance, richness,
composition, tolerance, and feeding). Box plots that yielded a good spread and differing means were
chosen as metrics in each category. Coefficients of variation (CVs) were found by dividing the standard
deviation (SD) by the mean. CVs also aided in the selection of the core metrics (See Appendix L).
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Table 19. Candidate Macroinvertebrate Metrics Calculated for the CBSRWA

Category # Metric Response to
Disturbance
Abundance Measures 1 Abundance Variable
2 EPT Abundance Decrease
Richness Measures 3 Total No. Taxa Decrease
4 Number of EPT Taxa Decrease
5 Number of Ephemeroptera Taxa Decrease
6 Number of Trichoptera Taxa Decrease
7 Number of Plecoptera Taxa Decrease
8 Number of Diptera Taxa Decrease
9 Number of Chironomidae Taxa Decrease
Composition Measures 10 | Ratio EPT/Chironomidae Abundance Decrease
11 | % EPT Decrease
12 | % Ephemeroptera Decrease
13 | % Plecoptera Decrease
14 | % Coleoptera Decrease
15 | % Diptera Increase
16 | % Oligochaeta Variable
17 | % Baetidae Increase
18 | % Hydropsychidae Increase
19 | % Chironomidae Increase
20 [ Shannon-Weiner Index Decrease
Tolerance/Intolerance Measures | 21 | Number of Intolerant Taxa Decrease
22 | % Tolerant Organisms Increase
23 | Hilsenhoff Biotic Index Increase
24 | % Dominant Taxon Increase
25 | % Hydropsychidae to Trichoptera Increase
26 | % Baetidae to Ephemeroptera Increase
Feeding Measures 27 | % individuals as Gatherers and filterers | Decrease
28 | % Gatherers Decrease
29 | % Filterers Increase
30 | % Shredders Decrease
31 | % Scrapers Decrease
32 | Ratio Scrapers/(Scrapers+Filterers) Decrease
33 | Number of Gatherer Taxa Decrease
34 | Number of Filterer Taxa Decrease
35 | Number of Shredder Taxa Decrease
36 | Number of Scraper Taxa Decrease
37 | Number of Clinger Taxa Decrease
38 | % Clingers Decrease
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Table 20. Core Macroinvertebrate Metrics Calculated for Tributaries in the CBSRW

Category # Metric Response to Disturbance
Abundance Measures 1 Abundance Decrease
Richness Measures 2 Total Number of Taxa Decrease
3 Number of Trichoptera Taxa Decrease
4 Number of Diptera Taxa Decrease
Composition Measures 5 % EPT Decrease
6 % Chironomidae Increase
7 Shannon-Weiner Index Decrease
Tolerance/Intolerance Measures | 8 % Tolerant Organisms Increase
9 Hilsenhoff Biotic Index Increase
10 | % Dominant Taxon Increase
Feeding Measures 11 | % Gatherers Decrease
12 | % Filterers Increase
13 | % Scrapers Decrease
14 | % Clingers Decrease

Table 21. Core Macroinvertebrate Metrics Calculated for the Big Sioux River in the CBSRW

Category # Metric Response to Disturbance
Abundance Measures 1 Abundance Decrease
Richness Measures 2 Total Number of Taxa Decrease
3 Number of EPT Taxa Decrease
4 Number of Trichoptera Taxa Decrease
5 Number of Chironomidae Taxa Decrease
Composition Measures 6 % EPT Decrease
7 % Coleoptera Decrease
8 % Chironomidae Increase
Tolerance/Intolerance Measures | 9 Number of Intolerant Taxa Decrease
10 | % Tolerant Organisms Increase
11 | % Dominant Taxon Increase
Feeding Measures 12 | Number of Gatherer Taxa Decrease
13 | Number Scraper Taxa Decrease
14 | Number of Clinger Taxa Decrease

Once the core metrics in Tables 20 and 21 were chosen, best value percentiles were calculated. The 95"
percentile was used as a basis for best value for those metrics that decreased with impairment. Those
metrics that increased with impairment were given a 5" percentile as a basis for best value. Once either
the 95™ or 5" percentile standard was set for each metric, the actual measured metric value was compared
to the standard best value to find the standardized metric score. Standardized metric scores range from 0
to 100, with 0 being very poor and 100 being excellent.

Decrease in response to impairment:

measured metric value + (standard best value — 0) x 100 = standardized metric score

Increase in response to impairment:

(100 - measured metric value) + (100 - standard best value) x 100 = standardized metric score
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Table 22, below, is an example of a tributary score sheet that outlines the metrics and the score assigned
to each metric. After each of the core metrics were scored, the standardized metric scores were averaged
for each monitoring site and served as the final index value for that site. Score sheets for the tributary and

river sites can be found in Appendix M and N, respectively.

Table 22. Sample Score Sheet for Macroinvertebrates

Site T05
Response to  Percentile for Standard Measured Standardized
Metric Impairment  "'best" value (best value) metric value Metric score
Abundance Decrease 95th 417 311 75
Taxa Richness Decrease 95th 37.8 31 82
Trichop Richness Decrease 95th 6.4 6 94
Diptera Richness Decrease 95t 25.6 15 59
% EPT Decrease 95th 83.83 25.08 30
% Chironomidae Increase Sth 3.47 59.16 42
Shannon-Wiener Index (Log 10) Decrease 95th 1.19 1.15 97
% Tolerant Increase 5th 3.89 13.50 90
HBI Increase 5th 4.66 5.47 85
% Dominant Increase Sth 14.94 21.86 92
% Gatherers Decrease 95th 69.38 25.4 37
% Filterers Increase 5th 1.96 7.07 95
% Scrapers Decrease 95th 38.4 7.40 19
% Clingers Decrease 95th 59.92 14 24
Final index value for this site: 66

Although six sites had separate voucher jars for each rock basket collected, without having prior
established reference type sites to base the results, there was not enough information from only three
baskets and only six sites to make a good analysis. Thus, the results from the separate jars at each of the
six sites were combined, per site, so they could be evaluated together with all the other sites. In addition,
keeping voucher jars and baskets separate was not considered until the 2001 sampling, making it difficult
to compare them to the composite samples taken in 2000.

Physical Habitat

The following procedures for field measurements of the physical characteristics of wadeable streams were
a synthesis of many sources, but the basic framework was adopted from Simonson et al. (1994) and Platts
et al. (1983). The data are compatible with available physical assessments (Barbour et al. 1999; Stueven
et al. 2000). A list of terms and definitions are provided in Appendix O to aid use of the following
procedures.

Near each monitoring site, a reach was selected that had one type and intensity of riparian landuse, and

where bridges and dams appeared to have minimal impact. Data collection consisted of five components:
physical, discharge, water surface slope, water quality, and reach classification.
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Habitat Assessment

Field measurements of physical characteristics using a transect method were adapted from Simonson et
al. (1994) and Platts et al. (1983). Field data sheets are provided in Appendix P. Reaches were selected
within one type of riparian land use in most cases, and where bridges and dams appeared to have minimal
impact. Once a reach was selected, a preliminary mean stream width (PMSW) was obtained and used to
determine transect spacing (Simonson et al. 1994). When low flows restricted stream width to a small
portion of the streambed, streambed width was used to determine transect spacing. Transects were
marked with flags, then data collection began on the upstream end of the reach and proceeded
downstream.

Transect data collection were divided into three practical components based on tools used. The first suite
of data was collected according to visual estimates and counts. On either end of a transect the riparian
land use, dominant vegetation type, animal vegetation use, dominant bank substrate, and bank slumping
(presence/absence) were recorded. Where a transect crossed the stream, dominant macrohabitat type was
designated as pool, riffle, or run. Bed substrate data was collected using the Wolman “pebble count” by
visually dividing the transect into eight “cells”. Within each cell, substrate size was measured and the
class size recorded. This method objectively classified substrates in clear streams and was a necessity in
turbid streams where visual estimates were not possible (Wolman 1954).

A second suite of data focused on stream bank and riparian features and was measured with a graduated
pole and angle finder. After identifying the break point between the channel bank and channel bottom,
measurements related to stream bank length, bank angle, and bank height were taken (See Figure 8).
Along the stream bank length, the length of bank that was vegetated, eroded, and depositional was
measured. Vegetated portions were that length of bank where root structure contributed to bank stability,
eroded portions were that length with no root structure support, and depositional portions were that length
where recent deposition dominated the bank surface. Riparian-related cover types were measured at the
end of each transect as the horizontal length of overhanging vegetation (OHV) and undercut bank (UCB)
extending over the streambed.

A third suite of data focused on horizontal and vertical point measurements which were used to calculate
stream width, depth and velocity; channel bottom and top width; and bankfull width, depth, and
width:depth ratio. At most sites, point data were obtained by staking a tape measure from left top bank to
the right top bank. In some cases, the tape measure was staked at left bankfull and right bankfull.
Moving from left to right, key channel features (i.e., location codes) were identified and the distance from
the left stake was recorded. Vertical measurements were bankfull depth, water depth, and water velocity.
Bankfull depths were measured at the water edge and at three points within the stream. Water depth and
velocity were measured at the three points within the stream (1/4, 1/2, and 3/4 of the distance across the
stream surface).

At each site, data were also collected on large woody debris (LWD), discharge, water surface slope, and
water quality. The number of LWD was tallied for the entire reach. Length, diameter, and angle to
streambank measurements of all LWD were measured and used to calculate the volume of LWD within
the reach. Discharge data were collected at a single transect or other stream cross-sections where flow
was uniform. The velocity-area method described in Gordon et al. (1992) was used. Water surface slope
(%) was calculated by dividing the drop in water surface from transect one to transect 13 by the
longitudinal stream distance using a surveying level.

Water quality data measured included water temperature, air temperature, turbidity, pH, dissolved
oxygen, and conductivity. These measurements were taken once at each reach.
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Figure 8. Diagrams of Transect Spacing, Horizontal, Bank, and Instream Measurements

Index of Physical Integrity (IPI)

The physical habitat index for the CBSRWAP was developed based on EPA’s Rapid Bioassessment of
substrate, channel morphology, bank structure, and riparian vegetation (Barbour et al. 1999). Parameters
and scoring of each site was modified to suit this project. The following table (Table 23) outlines the
parameters and the score assigned to each rating. By using the information collected on the field data
sheets, each monitoring site was rated individually using the eight parameters. Scores ranged from 0 to
100. After each site was scored, a standardized metric score that was based on ‘best value’, was
calculated and served as the final index value for that site as shown (See Table 24).
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Table 23. Parameters and Scores Used to Rate the Physical Habitat Measurements

Physical Parameter

Rating

Excellent

Good

Fair

Poor

Very Poor

1. Channel Flow
Status

Perrenial streamflow.

Water surface reaches

base of both lower
banks, and minimal
amount of channel
substrate is exposed.

Perrenial
streamflows. Water
surface covers
<100% but >75% of
the available
channel bottom.

Perrenial
streamflows. Water
surface covers 50-
75% of the available
channel bottom.

Perrenial
streamflows. Water
surface covers >50%
of the available
channel bottom.

Average Stream
Width about 1/3
channel bottom width.
Intermittent.

SCORE

10

7.5

5

2.5

0

2. Physical Complexity

high

high/moderate

moderate

moderate/low

low

>8 hydrologic units,

usually at least 3 riffles

6 to 7 hydrologic
units, usually 2 to 4

4 to 5 hydrologic
units, usually 1 to 3

2 to 3 hydrologic
units, usually 0 to 1

1 hydrologic units, no
riffles present

present riffles present riffles present riffles present
SCORE 10 7.5 5 2.5 0
3. Coefficient of >1.2 0.9to 1.2 0.6t00.9 0.3t00.6 <0.3
\Variation of Velocity
SCORE 10 7.5 5 2.5 0

4. Bed Composition

> 75% gravel and larger

> 75% gravel and
sand (at least 50%
gravel)

> 75% coarse
gravel, sand, and silt

> 75% sand and silt
(at least 50% sand)

> 75% silt or smaller

SCORE *

16

12

4

* Add 4 points if cobble size and larger comprise 10% of substrate

5. Measure of Incision

Mean Bank Full Height

is_>70% of mean Bank
Height.

Mean Bank Full
Height is >60 to
69% of mean Bank
Height.

Mean Bank Full
Height is >50 to 59%
of mean Bank
Height.

Mean Bank Full
Height is >40 to 49%
of mean Bank
Height.

Mean Bank Full
Height is <40% of
mean Bank Height.

SCORE

10

7.5

5

2.5

0

6. Bank Stability

>80% bank vegetated,;

the remaining erosional

>60 to 80% bank
vegetated; the

>40 to 60% bank
vegetated; the

>20 t